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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a large-size casting made of columnar crystal Ni-based heat 
resistant alloy for turbine blade, usable as turbine blade for gas turbine. 

SOLUTION: This casting has a composition consisting of 12.0-14.3% Cr, 8.5-11.0% Co, 1.0-3.5% Mo, 3.5- 
6.2% W, 3.0-5.5% Ta, 3.5-4.5% Al, 2.0-3.2%, Ti, 0.04-0.12% C, 0.005-0.05% B, 0.001 -5ppm Zr, and the balance 
Ni with inevitable impurities and further containing, if necessary, one or >2 kinds among the following (a) 
and (b): (a) 0.5-1 OOppm of Mg and/or Ca; (b) one or >2 kinds among 0.02-0.5% Pt, 0.02-0.5% Rh, and 0.02- 
0.5% Re. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



(57) [Claim(s)] 

[Claim 1] By weight %, Cr:12.0-14.3%, Co:8.5-l 1.0%, Mo: 1.0-3.5%, W:3.5 - 6.2%, Ta:3.0-5.5%, 
aluminum: 3.5-4.5%, Ti:2.0-3.2%, C:0.04 - 0.12%, The columnar crystal nickel radical heat-resistant-alloy 
large-sized casting excellent in the intergranular corrosion-proof [ elevated-temperature ] nature 
characterized by having the presentation which Zr:0.001-5ppm are contained and the remainder becomes 
from nickel and an unescapable impurity B:0.005 to 0.05%. 

[Claim 2] By weight %, Cr:12.0-14.3%, Co:8.5-11.0%, Mo: 1.0-3.5%, W:3.5 - 6.2%, Ta:3.0-5.5%, 
aluminum: 3.5-4.5%, Ti:2.0-3.2%, C:0.04 - 0.12%, Zr:0.001-5ppm are contained B:0.005 to 0.05%. The 
columnar crystal nickel radical heat-resistant-alloy large-sized casting excellent in the intergranular 
corrosion-proof [ elevated-temperature ] nature characterized by having the presentation which Mg and/or 
calcium:0.5-100ppm are furthermore contained, and the remainder becomes from nickel and an unescapable 
impurity. 

[Claim 3] By weight %, Cr: 12.0- 14.3%, Co:8.5-11.0%, Mo: 1.0-3.5%, W:3.5 - 6.2%, Ta:3.0-5.5%, 
aluminum: 3.5-4.5%, Ti:2.0-3.2%, C:0.04 - 0.12%, Zr:0,001-5ppm are contained B:0.005 to 0.05%. The 
columnar crystal nickel radical heat-resistant-alloy large-sized casting excellent in the intergranular 
corrosion-proof [ elevated-temperature ] nature characterized by having the presentation which 1 of Pt:0.02- 
0.5%, Rh:0.02-0.5%, and Re:0. 02-0.5% of sorts and two sorts or more are furthermore contained, and the 
remainder becomes from nickel and an unescapable impurity. 

[Claim 4] By weight %, Cr: 12.0-14.3%, Co:8.5-l 1.0%, Mo: 1.0-3.5%, W:3.5 - 6.2%, Ta:3.0-5.5%, 
aluminum: 3.5-4.5%, Ti:2.0-3.2%, C:0.04 - 0.12%, Zr:0.001-5ppm are contained B:0.005 to 0.05%. 
Furthermore, Mg and/or calcium: 0. 5- lOOppm are contained. Further Pt:0.02-0.5%, Rh: The columnar crystal 
nickel radical heat-resistant-alloy large-sized casting excellent in the intergranular corrosion-proof 
[ elevated-temperature ] nature characterized by having the presentation which 1 of 0.02-0.5% and Re:0.02- 
0.5% of sorts and two sorts or more are contained, and the remainder becomes from nickel and an 
unescapable impurity. 

[Claim 5] The large-sized turbine blade characterized by consisting of a columnar crystal nickel radical 
heat-resistant-alloy casting excellent in intergranular corrosion-proof [ elevated-temperature ] nature 
according to claim 1, 2, 3, or 4. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the large-sized turbine blade used as turbine ** and **** of 
the gas turbine which consisted of columnar crystal nickel radical heat-resistant-alloy castings which were 
especially excellent in intergranular corrosion-proof [ elevated-temperature ] nature, and a bucket of an 
elevated-temperature blower about the columnar crystal nickel radical heat-resistant-alloy large-sized 
casting excellent in intergranular corrosion-proof [ elevated-temperature ] nature. 
[0002] 

[Description of the Prior Art] It is just going to be known that turbine ** and **** of a gas turbine, and the 
bucket of an elevated-temperature blower consist of nickel radical heat-resistant-alloy castings. To JP,6- 
57395,A It is weight % (% hereafter) as a nickel radical heat-resistant alloy for making turbine ** and **** 
of a gas turbine, and the bucket of an elevated-temperature blower, weight % — being shown — (a) Cr:13.1- 
15.0% and Co: - 8.5 to 10.5% Mo: 1.0-3.5%, W:3.5 - 4.5%, Ta:3.0-5.5%, aluminum: 3.5-4.5%, Ti:2.0- 
3.2%, C:0.06 - 0.12%, B:0.005 - 0.025%, ZnO.Ol 0-0.050%, Contain Mg and/or calcium: l-100ppm and have 
the presentation which the remainder becomes from nickel and an unescapable impurity, nickel radical heat- 
resistant alloy excellent in high temperature strength, elevated-temperature oxidation resistance, and 
elevated-temperature corrosion resistance, (b) Cr:13. 1-15.0%, Co:8. 5-10.5%, Mo:1.0-3.5%, W:3.5 - 4.5%, 
Ta:3.0-5.5%, aluminum:3.5-4.5%, Ti: 2.0-3.2%, C:0.06 - 0.12%, B:0.005 - 0.025%, Hf:0.2-1.5% is 
contained further 0.010 to 0.050%. Zr: — Contain Mg and/or calcium: l-100ppm and have the presentation 
which the remainder becomes from nickel and an unescapable impurity, nickel radical heat-resistant alloy 
excellent in high temperature strength, elevated-temperature oxidation resistance, and elevated-temperature 
corrosion resistance, (c) Cr:13. 1-15.0%, Co:8.5-10.5%, Mo:1.0-3.5%, W:3.5 - 4.5%, Ta:3.0-5.5%, 
aluminum:3. 5-4.5%, Ti: 2.0-3.2%, C:0.06 - 0.12%, B:0.005 - 0.025%, Mg and/or calcium: 1-1 OOppm are 
contained ZnO.Ol 0-0.050%. Hf:0.2-1.5% is contained. Further Furthermore, Pt:0.02-0.5%, 1 of Rh:0.02- 
0.5% and Re:0.02-0.5% of sorts and two sorts or more are contained, nickel radical heat-resistant alloy 
excellent in the high temperature strength, elevated-temperature oxidation resistance, and elevated- 
temperature corrosion resistance which have the presentation which the remainder becomes from nickel and 
an unescapable impurity, (d) Cr:13. 1-15.0%, Co:8. 5-10.5%, Mo:1.0-3.5%, W:3.5 - 4.5%, Ta:3.0-5.5%, 
aluminum:3.5-4.5%, Ti: 2.0-3.2%, C:0.06 - 0.12%, B:0.005 - 0.025%, Mg and/or calcium: 1-1 OOppm are 
contained Zr:0.010-0.050%. Furthermore, Hf:0.2-1.5% is contained. Further Pt:0.02-0.5%, Rh: 1 of 0.02- 
0.5% and Re:0.02-0.5% of sorts and two sorts or more are contained, and nickel radical heat-resistant alloy 
excellent in the high temperature strength, elevated-temperature oxidation resistance, and elevated- 
temperature corrosion resistance which have the presentation which the remainder becomes from nickel and 
an unescapable impurity etc. is indicated. 

[0003] On the other hand, it is also known that turbine ** and **** of a gas turbine, and the bucket of an 
elevated-temperature blower consist of columnar crystal nickel radical heat-resistant-alloy castings. In order 
to manufacture this columnar crystal nickel radical heat-resistant-alloy casting, usual one direction 
coagulation equipment is used, nickel radical alloy molten metal which carried out vacuum suction of the 
inside of a vacuum chamber, and was dissolved with the fusion furnace in this one direction coagulation 
equipment After pouring into the mold which fixed on the chill plate and was heated in temperature of 1480- 
1530 degrees C, A chill plate is pulled down through water-cooled chilling, mold is caudad pulled down by 
rate:200 - 350 mm/h, and a long columnar crystal nickel radical heat-resistant- alloy casting is manufactured 
by growing up the columnar crystal formed in the chill plate. 
[0004] 
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[Problem(s) to be Solved by the Invention] In recent years, the turbine blade installed there is also enlarged 
with enlargement of a gas turbine. However, when the large-sized turbine blade which consists of a 
columnar crystal nickel radical heat-resistant-alloy casting, especially a columnar crystal nickel radical heat- 
resistant-alloy casting with the conventional nickel radical heat-resistant alloy was manufactured, crystal 
grain made it big and rough, the segregation of an alloy content became large, from the place where 
intergranular corrosion advances remarkably, intergranular corrosion-proof [ elevated-temperature ] nature 
fell substantially and the dependability and the life of a large-sized turbine blade which consist of a 
columnar crystal nickel radical heat-resistant-alloy casting were falling in the largest grain boundary of a 
component segregation. 
[0005] 

[Means for Solving the Problem] Then, as a result of inquiring wholeheartedly so that this invention person 
etc. may raise the intergranular corrosion-proof [ elevated-temperature ] nature of a large-sized turbine 
blade, the amount of Zr added into nickel radical alloy is restricted to ultralow volume. Cr: 12.0-14.3%, 
Co:8.5-11.0%, Mo:1.0-3.5%, W:3.5 - 6.2%, Ta:3.0-5.5%, aluminum:3. 5-4.5%, Ti: 2.0-3.2%, C:0.04 - 
0.12%, B:0.005 - 0.05%, Contain Zr:0.001-5ppm and it limits to the presentation which the remainder 
becomes from nickel and an unescapable impurity. A chill plate is pulled down pouring into the mold of one 
direction coagulation equipment the molten metal obtained by dissolving nickel radical alloy of this 
presentation. The obtained columnar crystal nickel radical heat-resistant-alloy casting at 1 180-1265 degrees 
C 900 to 1600 atmospheric pressure, Give HIP of maintenance for 1 to 5 hours, and solution heat treatment 
of 1200-1265-degree C 2 - 5-hour maintenance at an elevated temperature is performed rather than before. If 
aging heat treatment of maintenance is performed at 760-870 degrees C for 16 to 24 hours after holding at 
further 950-1080 degrees C for 2 to 10 hours The columnar crystal nickel radical heat-resistant-alloy casting 
which was excellent in intergranular corrosion-proof [ elevated-temperature ] nature conventionally was 
obtained, and the large-sized turbine blade which consists of a columnar crystal nickel radical heat-resistant- 
alloy casting excellent in this intergranular corrosion-proof [ elevated-temperature ] nature carried out the 
knowledge of having the property which was excellent in intergranular corrosion-proof [ elevated- 
temperature ] nature conventionally, and resulted in this invention. 

[0006] This invention is made based on this knowledge. (1) Cr:12.0-14.3%, Co: 8.5-1 1 .0%, Mo:0.5-4%, 
W:3.5 - 6.2%, Ta: 3.0-5.5%, aluminum:3.5-4.5%, Ti:2.0-3.2%, C:0.04 - 0.12%, and B:0.005 to 0.05%, 
Zr:0.001-5ppm are contained and it has the description in the columnar crystal nickel radical heat-resistant- 
alloy large-sized casting excellent in the intergranular corrosion-proof [ elevated-temperature ] nature which 
has the presentation which the remainder becomes from nickel and an unescapable impurity. 
[0007] The component presentation of nickel radical alloy which constitutes the columnar crystal nickel 
radical heat-resistant-alloy large-sized casting excellent in the intergranular corrosion-proof [ elevated- 
temperature ] nature of this invention By weight %, Cr:13-14%, Co:9.4-10.6%, Mo:l. 2-2.0%, It is much 
more desirable that contain Zr:0.01-lppm and the remainder consists of nickel and an unescapable impurity 
W:4.2 - 5.8%, Ta:4.0-5.2%, aluminum:3.8-4.4%, Ti:2.2-3.0%, C:0.05 - 0.09%, and B:0.008 to 0.03%. 
[0008] The columnar crystal nickel radical heat-resistant alloy excellent in the intergranular corrosion-proof 
[ elevated-temperature ] nature of this invention is especially suitable as a raw material of a large-sized 
turbine blade. This invention Therefore, (3) Cr: 12.0-14.3%, Co:8.5-l 1.0%, Mo: 1.0-3.5%, W:3.5 - 6.2%, 
Ta:3.0-5.5%, aluminum: 3.5-4.5%, Ti:2.0-3.2%, C:0.04 - 0.12%, B:0.005 to 0.05%, Zr:0.001-5ppm are 
contained and it has the description in the large-sized turbine blade excellent in the intergranular corrosion- 
proof [ elevated-temperature ] nature which has the presentation which the remainder becomes from nickel 
and an unescapable impurity made from a columnar crystal nickel radical heat-resistant-alloy casting. 
[0009] The component presentation of nickel radical alloy which constitutes the large-sized turbine blade 
excellent in the intergranular corrosion-proof [ elevated-temperature ] nature of this invention made from a 
columnar crystal nickel radical heat-resistant-alloy casting By weight %, Cr: 13-14%, Co:9.4-10.6%, 
Mo: 1.2-2.0%, W:4.2 - 5.8%, Ta:4.0-5.2%, aluminum:3.8-4.4%, Ti: It is much more desirable to have the 
presentation which Zr:0.01-lppm are contained and the remainder becomes from nickel and an unescapable 
impurity 2.2-3.0%, C:0.05 - 0.09%, and B:0.008 to 0.03%. 

[0010] The columnar crystal nickel radical heat-resistant alloy excellent in the intergranular corrosion-proof 
[ elevated-temperature ] nature of this invention may contain Mg and/or calcium: l-100ppm, may contain 1 
of Pt:0.02-0.5%, Rh:0.02-0.5%, and Re:0.02-0.5% of sorts, and two sorts or more further, and may contain 
these both sides. 

[001 1] This invention Therefore, (4) Cr:12.0-14.3%, Co:8.5-l 1.0%, Mo: 0.5-4%, W:3.5 - 6.2%, Ta:3.0- 
5.5%, aluminum: 3.5-4.5%, Ti:2.0-3.2%, C:0.04 - 0.12%, Zr:0.001-5ppm are contained B:0.005 to 0.05%. 
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The columnar crystal nickel radical heat-resistant-alloy large-sized casting excellent in the intergranular 
corrosion-proof [ elevated-temperature ] nature which has the presentation which Mg and/or calcium: 1- 
lOOppm are furthermore contained, and the remainder becomes from nickel and an unescapable impurity, 

(5) Cr:12.0-14.3%, Co:8.5-11.0%, Mo:0.5-4%, W:3.5 - 6.2%, Ta:3.0-5.5%, aluminum:3.5-4.5%, Ti: 2.0- 
3.2%, C:0.04 - 0.12%, B:0.005 - 0.05%, Zr:0.001-5ppm are contained. Further Pt:0.02-0.5%, 1 of Rh:0.02- 
0.5% and Re:0.02-0.5% of sorts and two sorts or more are contained. The columnar crystal nickel radical 
heat-resistant-alloy large-sized casting excellent in the intergranular corrosion-proof [ elevated-temperature ] 
nature which has the presentation which the remainder becomes from nickel and an unescapable impurity, 

(6) Cr:12.0-14.3%, Co:8.5-l 1.0%, Mo:0.5-4%, W:3.5 - 6.2%, Ta:3.0-5.5%, aluminum: 3. 5 -4. 5%, Ti: 2.0- 
3.2%, C:0.04 - 0.12%, B:0.005 - 0.05%, Contain Zr:0.001-5ppm and Mg and/or calcium: l-100ppm are 
contained further. Furthermore, 1 of Pt:0.02-0.5%, Rh:0.02-0.5%, and Re:0.02-0.5% of sorts and two sorts 
or more are contained. It has the description in the columnar crystal nickel radical heat-resistant-alloy large- 
sized casting excellent in the intergranular corrosion-proof [ elevated-temperature ] nature which has the 
presentation which the remainder becomes from nickel and an unescapable impurity. 

[0012] The columnar crystal nickel radical heat-resistant alloy excellent in Mg of this invention and/or 
calcium, and the intergranular corrosion-proof [ elevated-temperature ] nature that contains one sort in Pt, 
Rh, and Re or two sorts or more further is especially suitable as a raw material of a large-sized turbine blade. 
This invention Therefore, (7) Cr:12.0-14.3%, Co:8.5-l 1.0%, Mo: 1.0-3.5%, W:3.5 - 6.2%, Ta:3.0-5.5%, 
aluminum: 3.5-4.5%, Ti:2.0-3.2%, C:0.04 - 0.12%, Zr:0.001-5ppm are contained B:0.005 to 0.05%. The 
large-sized turbine blade excellent in the intergranular corrosion-proof [ elevated-temperature ] nature which 
has the presentation which the remainder which has the presentation which Mg and/or calcium: 1-1 OOppm 
are furthermore contained, and the remainder becomes from nickel and an unescapable impurity becomes 
from nickel and an unescapable impurity made from a columnar crystal nickel radical heat-resistant-alloy 
casting, (8) Cr:12.0-14.3%, Co:8.5-11.0%, Mo:1.0-3.5%, W:3.5 - 6.2%, Ta:3.0-5.5%, aluminum:3. 5-4.5%, 
Ti: 2.0-3.2%, C:0.04 - 0.12%, B:0.005 - 0.05%, Zr:0.001-5ppm are contained. Further Pt:0.02-0.5%, 1 of 
Rh:0.02-0.5% and Re:0.02-0.5% of sorts and two sorts or more are contained. The large-sized turbine blade 
excellent in the intergranular corrosion-proof [ elevated-temperature ] nature which has the presentation 
which the remainder which has the presentation which the remainder becomes from nickel and an 
unescapable impurity becomes from nickel and an unescapable impurity made from a columnar crystal 
nickel radical heat-resistant-alloy casting, (9) Cr:12.0-14.3%, Co:8.5-l 1.0%, Mo:1.0-3.5%, W:3.5 - 6.2%, 
Ta:3.0-5.5%, aluminum:3. 5-4.5%, Ti: 2.0-3.2%, C:0.04 - 0.12%, B:0.005 - 0.05%, Contain Zr:0.001-5ppm 
and Mg and/or calcium: l-100ppm are contained further. Furthermore, 1 of Pt:0.02-0.5%, Rh:0.02-0.5%, and 
Re:0. 02-0.5% of sorts and two sorts or more are contained. It has the description in the large-sized turbine 
blade excellent in the intergranular corrosion-proof [ elevated-temperature ] nature which has the 
presentation which the remainder which has the presentation which the remainder becomes from nickel and 
an unescapable impurity becomes from nickel and an unescapable impurity made from a columnar crystal 
nickel radical heat-resistant-alloy casting. 

[0013] Next, the reason for definition of an alloy presentation of the large-sized turbine blade made from a 
columnar crystal nickel radical heat-resistant-alloy casting excellent in a columnar crystal nickel radical 
heat-resistant-alloy large-sized casting and intergranular corrosion-proof [ elevated-temperature ] nature 
excellent in the intergranular corrosion-proof [ elevated-temperature ] nature of this invention is explained in 
full detail. 

[0014] Cr industrial use gas turbine requires hot oxidation resistance and hot corrosion resistance, in order to 
contact the combustion gas containing the oxidizing quality and staining substance which were produced by 
combustion. Cr is an element which gives oxidation resistance and corrosion resistance to an alloy, and the 
effectiveness is so remarkable that the amount of Cr(s) in an alloy is made [ many ]. However, since Co, 
Mo, W, Ta, etc. are otherwise added with a columnar crystal nickel radical heat-resistant-alloy [ which was 
excellent in the intergranular corrosion-proof / elevated-temperature / nature of this invention on the other 
hand ] large-sized [ amounts / at less than 12.0%, that effectiveness has few amounts of Cr(s), and ] casting, 
in order to balance these, containing exceeding 14.3% is not desirable. Therefore, Cr content was defined to 
12.0 - 14.3%. As mentioned above, as for Cr content contained in nickel radical heat-resistant alloy which 
produces the large-sized turbine blade excellent in the intergranular corrosion-proof [ elevated-temperature ] 
nature of this invention made from a columnar crystal nickel radical heat-resistant-alloy casting, it is much 
more desirable that it is 13 - 14%. 

[0015] CoCo enlarges the limit (solid-solution limit) where Ti, aluminum, Ta, etc. are made to dissolve on a 
base at an elevated temperature. The amount of Co(es) needs to be 8.5% or more from a place with the 
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operation which raises the reinforcement of the columnar crystal nickel radical heat-resistant-alloy large- 
sized casting which was made to carry out the detailed distribution deposit of the gamma'phase (nickeB (Ti, 
aluminum, Ta)), and was excellent in intergranular corrosion-proof [ elevated-temperature ] nature with heat 
treatment. On the other hand When Co content exceeded 1 1 .0%, the balance with other elements, such as 
Cr, Mo, W, Ta, aluminum, and Ti, collapsed, and since the ductility lowering by the deposit of a harmful 
phase was brought about, Co content was defined to 8.5 - 1 1.0%. As for Co content contained in nickel 
radical heat-resistant alloy which produces the large-sized turbine blade excellent in the intergranular 
corrosion-proof [ elevated-temperature ] nature of this invention made from a columnar crystal nickel 
radical heat-resistant-alloy casting, it is much more desirable that it is 9.4 - 10.6%. 

[0016] While there was an operation which it dissolves [ operation ] in a base and raises high temperature 
strength, there was effectiveness which contributes to high temperature strength by precipitation hardening, 
but less than 1 .0% ofMoMo was [ the content ] insufficient, and on the other hand, since it checked the 
ductility by the deposit of a harmful phase when it added too much exceeding 3.5%, it was defined to 
Mo: 1.0-3. 5%. As for Mo content contained in nickel radical heat-resistant alloy which produces the large- 
sized turbine blade excellent in the intergranular corrosion-proof [ elevated-temperature ] nature of this 
invention made from a columnar crystal nickel radical heat-resistant-alloy casting, it is much more desirable 
that it is 1.2-2.0%. 

[0017] Although WW has an operation of solid solution strengthening and precipitation hardening like Mo 
and there is effectiveness which contributes to grant of high temperature strength If the amount is made 
[ many / not much ] too much required 3.5% or more, since it is an element with the large specific gravity of 
W itself while depositing a harmful phase, the specific gravity of the whole alloy will become large. In the 
turbine bucket which a centrifugal force commits, it was disadvantageous, and when casting the columnar 
crystal large-sized casting excellent in intergranular corrosion-proof [ elevated-temperature ] nature, a 
FUREKKURU defect came to occur, and the content was made into 3.5 - 6.2% from the place which 
becomes in cost and high further. As for W content contained in nickel radical heat-resistant alloy which 
produces the large-sized turbine blade excellent in the intergranular corrosion-proof [ elevated-temperature ] 
nature of this invention made from a columnar crystal nickel radical heat-resistant-alloy casting, it is much 
more desirable that it is 4.2 - 5.8%. 

[0018] TiTi is an element required for the deposit of gamma'phase for raising the high temperature strength 
of a gamma'precipitation-hardening mold nickel radical alloy, and its less than 2.0% is [ precipitation 
strengthening of gamma'phase ] insufficient. Since a reaction with a variant will become intense and a 
casting surface will be worsened when casting the columnar crystal large-sized casting excellent in 
intergranular corrosion-proof [ elevated-temperature ] nature, while the amount of deposits increases too 
much and checking ductility if demand reinforcement cannot be satisfied and it adds too much so much 
more than 3.2%, it is not desirable. Therefore, Ti content was defined to 2.0 - 3.2%. As mentioned above, as 
for Ti content contained in nickel radical heat-resistant alloy which produces the large-sized turbine blade 
excellent in the intergranular corrosion-proof [ elevated-temperature ] nature of this invention made from a 
columnar crystal nickel radical heat-resistant-alloy casting, it is much more desirable that it is 2.2 - 3.0%. 
[0019] While A1A1 is the element which demonstrates the same effectiveness as Ti, generating gamma'phase 
and raising high temperature strength, it had the operation which contributes to the oxidation resistance in an 
elevated temperature, and corrosion-resistant grant, but the amount needed to be 3.5% or more, and on the 
other hand, if it adds too much in a large quantity not much exceeding 4.5%, in order to check ductility, 
aluminum content was defined to 3.5 - 4.5%. As for aluminum content contained in nickel radical heat- 
resistant alloy which produces the large-sized turbine blade excellent in the intergranular corrosion-proof 
[ elevated-temperature ] nature of this invention made from a columnar crystal nickel radical heat-resistant- 
alloy casting, it is much more desirable that it is 3.8 - 4.4%. 

[0020] TaTa contributes to improvement in high temperature strength by solid solution strengthening and 
gamma'phase precipitation hardening, and is effective at 3.0% or more. On the other hand, since ductility 
was fallen when it added too much, it could be 5.5% or less. Therefore, although Ta content contained in 
nickel radical heat-resistant alloy which produces the large-sized turbine blade excellent in the intergranular 
corrosion-proof [ elevated-temperature ] nature of this invention made from a columnar crystal nickel 
radical heat-resistant- alloy casting was defined to 3.0 - 5.5%, it is much more desirable that it is 4.0 - 5.2%. 
[0021] Since CC formed carbide, deposited especially on the grain boundary and a dendrite boundary, 
strengthened the grain boundary and the dendrite boundary and contributed to improvement in high 
temperature strength, it was required 0.04% or more, but since ductility was checked on the other hand when 
it added too much exceeding 0.12%, the content was made into 0.04 - 0.12%. The much more desirable 
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range of the content of C is 0.05 - 0.09%. 

[0022] Since BB increases the bonding strength in the grain boundary, the grain boundary is strengthened 
and high temperature strength was raised, it was a required component, but the effectiveness of a request of 
the content at less than 0.005% was not acquired, but since there was a possibility of checking ductility 
when it adds on the other hand not much mostly, it could be 0.05% or less. The much more desirable range 
of the content of B is 0.008 - 0.03%. 

[0023] Although ZrZr is required 0.001 ppm or more since it increases the corrosion resistance of the grain 
boundary and raises intergranular corrosion-proof [ elevated-temperature ] nature by carrying out minute 
amount addition Solution-heat-treatment temperature for detailed decentralization of a precipitation- 
strengthening phase cannot be raised from the place to which local melting temperature is reduced while Zr 
will segregate so much to the grain boundary and reducing the corrosion resistance of the grain boundary 
conversely, if it adds more mostly than 5 ppm. Since "divide" will occur if lowering of local melting 
temperature is disregarded, it raises to temperature required for detailed decentralization of a precipitation- 
strengthening phase and solution heat treatment is performed, it is not desirable. Therefore, the content of Zr 
was set to 0.001-5 ppm. The much more desirable range of the content of Zr is 0.01-1 ppm. 
[0024] Mg from the place which will weaken association of the grain boundary on the contrary if operation 
sufficient in less than 1 ppm is not acquired although there is an operation which prevents Mg, CaMg, 
and/or calcium have strong bonding strength with impurities, such as oxygen and sulfur, and according to 
impurities, such as oxygen and sulfiir, further ductility lowering, but contained exceeding 100 ppm on the 
other hand, and causes a crack, and/or calcium determined it as 1-100 ppm. 

[0025] Although Pt, Rh, RePt, and Rh and Re have a corrosion-resistant improvement operation, since it is 
noble metals and a price becomes high, it is not desirable except that still much more effectiveness cannot 
be desired, if desired effectiveness is not acquired for the content at less than 0.02%, respectively but the 
content contains on the other hand exceeding 0.5%, respectively. Therefore, one sort in Pt, Rh, and Re or 
two sorts or more were defined to 0.02 - 0.5%, respectively. 

[0026] In addition, although Hf is made into the indispensable constituent with the conventional columnar 
crystal nickel radical heat-resistant-alloy large-sized casting, it is not desirable to contain Hf with the 
columnar crystal nickel radical heat-resistant-alloy large-sized casting of this invention. 
[0027] In order to manufacture the columnar crystal nickel radical heat-resistant-alloy large-sized casting 
excellent in the intergranular corrosion-proof [ elevated-temperature ] nature of this invention A columnar 
crystal nickel radical heat-resistant-alloy large-sized casting is produced by pulling down a chill plate at 
1480-1530 degrees C, and reducing by rate:200 - 350 mm/h. one direction coagulation equipment — mold 
stoving temperature whenever: — 900 to 1600 atmospheric pressure and HIP of 1 - 5-hour maintenance are 
given to this at 1 180-1265 degrees C. Solution heat treatment of maintenance is performed at 1200-1265 
degrees C for 2 to 5 hours, and after holding at further 950-1080 degrees C for 2 to 10 hours, it is obtained 
by performing aging heat treatment of maintenance at 760-870 degrees C for 16 to 24 hours. 
[0028] 

[Embodiment of the Invention] Preparing nickel radical heat-resistant alloy which has the component 
presentation shown in a table 1 - a table 3, carrying out vacuum melting of this nickel radical heat-resistant 
alloy, respectively, and casting the molten metal of nickel radical heat-resistant alloy to the mold of one 
direction coagulation equipment Whenever [ mold stoving temperature ]: The columnar crystal large-sized 
cast plates 17-20 were produced this invention columnar crystal large-sized cast plates 1-16 and 
conventionally which pulls down 1600 degrees C and a chill plate and has a dimension (vertical: 15mm, 
horizontal :100mm, and height:300mm) on condition that rate: 120 mm/h. 
[0029] 
[A table 1] 

this invention columnar crystal large-sized cast plate Element 1 2 3 4 5 6 7 8 Cr 13.1 14.0 12.5 13.5 13.3 
12.2 13.3 14.2 Co 9.0 8.5 10.1 10.5 10.1 9.7 8.8 9.3 Mo 2.1 1.0 3.5 1.5 1.5 2.4 2.7 3.0 W 4.0 3.5 4.3 3.7 4.5 
4.5 4.1 3.9 Ta 3.3 5.4 4.9 3.0 4.6 3.8 3.5 3.8 aluminum4.03.5 4.3 3.7 4.1 4.54.1 3.9Ti 2.72.3 3.2 2.5 2.72.9 
3.02.8 C0.08 0.10 0.06 0.12 0.06 0.07 0.09 0.11B 0.011 0.009 0.007 0.0150.010 0.013 0.012 O.OlOZr 1.32.6 

1.24.3 0.05 0.005 0.1 0.6calcium 53 10 Mg 81 - 12 Pt Rh Re 

- - nickel It remains. The remaining remainder It remains. It remains. It remains. The remaining remainder 
Weight %, however Zr, calcium and Mg are ppm. [0030] 
[A table 2] 

this invention columnar crystal large-sized cast plate Element 9 10 1112 13 14 15 16 Cr 13.8 12.1 14.0 13.0 
13.5 12.5 13.3 14.2 Co 9.5 9.0 8.5 10.1 10.5 9.7 8.8 9.3 Mo 1.8 2.1 1.1 3.5 1.5 2.4 2.7 3.0 W 4.2 4.0 3.5 4.3 
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3.8 4.6 4.1 3.9 Ta 4.5 3.3 5.3 4.9 3.1 3.8 3.5 3.8 aluminum 4.2 4.1 3.6 4.33.8 4.54.1 3.9Ti 2.7 2.7 2.2 3.12.5 
2.93.0 2.8 C 0.08 0.08 0.10 0.07 0.12 0.07 0.090.11 B 0.0050.011 0.039 0.007 0.015 0.013 0.0120.010 Zr 19 
0.30.8 1.92.3 3.60.03 0.7 calcium 18 - - - 25 74 34 10 Mg 72 - - - 37 5 54 12 Pt - 0.05 0.1- 0.2 0.06 0.2 0.05 
Rh - 0.05 0.2 0.1 0.1 - - 0.05 Re - 0.05 - 0.3 - 0.07 0.1 0.05 nickel remainder It remains. It remains. It 
remains. It remains. The remaining remainder It remains. Weight %, however Zr, calcium and Mg are ppm. 
[0031] 
[A table 3] 





18 


19 


20 


21 


Cr 


14.1 


13.8 


13.9 


14.2 


Co 


9.9 


10.2 


10.3 


9.6 


Mo 


1.5 


1.6 


1.6 


1.4 


W 


4.3 


4.4 


4.3 


4.1 


Ta 


4.6 


4.8 


4.8 


4.6 


A 1 


4.1 


4.1 


4.0 


3.9 


T 1 


2.8 


2.6 


2.7 


2.7 


C 


0.08 


0.09 


0.08 


0.10 


B 


0.014 


0.011 


0.009 


0. 013 


Z r 


0.037 


0.022 


0.013 


0.023 


Hf 






1.5 


0.7 


Ca 




12 




28 


Mg 


31 


5 


80 


29 


P t 










Rh 










Re 










N i 




2SD 


WO 


8t) 



WM% (Z r fe^tr) , 



[0032] The columnar crystal large-sized cast plates 17-20 the obtained this invention columnar crystal large- 
sized cast plates 1-16 and conventionally The inside of Ar ambient atmosphere, Temperature : HIP of the 
conditions of maintenance is given to 1 180 degrees C and 1500 atmospheric pressures for 2 hours. 
Subsequently, inside of a vacuum ambient atmosphere, temperature : After making it 1240 degrees C at the 
time of 2-hour maintenance, solution treatment of the conditions of cooling is performed by Ar gas fan. 
Then, inside of a vacuum ambient atmosphere, temperature: After making it 1050 degrees C at the time of 5- 
hour maintenance, it cooled by Ar gas fan, and succeedingly, among a vacuum ambient atmosphere and 
after making it temperature: 870 degree C at the time of 18-hour maintenance, the 2nd-step aging treatment 
of the conditions of cooling was performed by Ar gas fan. 

[0033] The columnar crystal large-sized cast plates 17-20 are cut down by machining this invention 
columnar crystal large- sized cast plates 1-16 and conventionally which performed said HIP and heat 
treatment. Diameter: 1 0mm, Die length : Produce a test piece with a dimension of 20mm and the obtained 
test piece is immersed in temperature:950 degree C fused salt (Na[ 20wt% and NaCl:5wt% and ]2 C03 : 
Na2 S04 : 75wt%). It cooled, after holding for 150 hours in the electric furnace which took out after that 
and was held at 900 degrees C. This test piece was cut, and it gazed at the microstructure of a cross section 
by SEM (scanning electron microscope), and asked for the average pervasion depth which advanced along 
the grain boundary, that result was shown in a table 4, and intergranular corrosion-proof [ elevated- 
temperature ] nature was evaluated. 
[0034] 
[A table 4] 
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m so 
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a jw 
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4 7 
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8 8 




12 


15 1 
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84 


13 
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f . ,i-.t Fy±, ijt, J.*-? 
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16 7 




14 
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4 8 
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9 1 
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10 5 




16 


5 9 




7 


6 2 




17 


7 0 1 




8 


5 7 




18 


5 6 0 




9 


7 0 


19 


4 9 8 




10 


18 8 




20 


5 4 5 



[0035] 

[Effect of the Invention] The result shown in a table 1 - a table 4 shows that this invention columnar crystal 
large-sized [ from the place where the average pervasion depth is small ] cast plates 1-16 are excellent in 
intergranular corrosion-proof [ elevated-temperature ] nature compared with the columnar crystal large- 
sized cast plates 17-20 conventionally in which this invention columnar crystal large-sized cast plates 1-16 
contain many Zr. Therefore, from a place excellent in intergranular corrosion-proof [ elevated-temperature ] 
nature, even if it uses the columnar crystal nickel radical heat-resistant-alloy large-sized casting of this 
invention under a severe condition as turbine ** and **** of a gas turbine, and a bucket of an elevated- 
temperature blower, it can be used for a long period of time, continuing, and it does so the effectiveness 
which was excellent on industry. 



[Translation done.] 
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i 

(57) [!(#^tt*©«5H] 

[»#B1J M%"C. Cr : 12. 0-14. 3 
% v Co : 8. 5—1 1. 0%> Mo : 1. 0-3. 5 
% % W: 3. 5 — 6. 2%. Ta : 3. 0 — 5. 5%, 
Al : 3. 5-4. 5%, Ti : 2. 0-3. 2%, 
C:0. 04 — 0. 12%. B : 0. 00 5—0. 0 5 
Z r : 0. 0 0 1-5 ppm^MU glSIWN i 

mm®. 

[fi*IB2] nS.%T, Cr: 12. 0-14. 3 
%, Co : 8. 5—1 1. 0%. Mo : 1. 0 — 3. 5 
W: 3. 5 — 6. 2%. Ta : 3. 0 — 5. 5%. 
Al :3. 5-4. 5%, Ti :2. 0-3. 2%. 
C:0. 04-0. 12%. B : 0. 00 5 — 0. 0 5 



2 

%, Zr : 0. 0 0 1-5ppm5:Ml/. 
S^icMeteJ^/S/clSCa : 0. 5~100ppm 

« a B a N i m*m£&*mm». 

[ft*53 ] Cr: 12. 0-14. 3 

%, Co : 8. 5-1 1. 0%, Mo : 1. 0 — 3. 5 
%, W: 3. 5—6. 2%, Ta : 3. 0 — 5. 5%. 
Al : 3. 5 — 4. 5%. T i : 2. 0-3. 2%, 
10 C : 0. 04 — 0. 1 2%> B : 0. 00 5 — 0. 05 
%> Z r : 0. 0 0 1-5 ppm^flU 
3 6CCP t : 0. 02—0. 5%, Rh:0. 02 — 
0. 5%, Re : 0. 02-0. 5%0^©l«$fc« 



(2) 



mff3 2 4 6 3 7 6 



[|»*B|4] «»%T. Cr : 12. 0-14. 3 
%. Co : 8. 5-1 1. 0%, Mo : 1. 0-3. 5 
%. W: 3. 5-6. 2%, Ta : 3. 0-5. 5%. 
A 1 : 3. 5-4. 5%. Ti:2. 0-3. 2%. 
C : 0. 04-0. 12%. B : 0. 005—0. 0 5 
%. Zr : 0. 0 0 1— 5 p p m£$WU 
SeteMgfccfcO'/ifcttCa : 0. 5-100ppm 

Se>&CP t:0. 02 — 0. 5%, Rh:0. 02- 10 
0. 5%. Re:0. 02-0. 5%<DF*3© 1 «S fcli 
2«fcLL£#WU i teJcoq^WW><=> 

CBWOH5 3 iMoai. 2, 3*fc«4IB«(DlgfSBH 
[0 00 1 ] 

[0 0 0 2] 

r. SS% (fiTF. %li. M%4^t) T. (a) c 
r : 13. 1-15. 0%. C o : 8. 5-10. 5 
%. Mo : 1. 0-3. 5%. W: 3. 5 — 4. 5%, 
Ta : 3. 0-5. 5%, Al : 3. 5-4. 5%, T 
i:2. 0-3. 2%. C:0. 06-0. 12%. 
B:0. 00 5—0. 0 2 5%. Zr:0. 0 10 — 
0. 0 5 0%. M g fc«C a : 1 -1 0 0 p 

tttC«#ifcN i «H«^fe. (b)Cr:13. 1-1 
5. 0%, Co : 8. 5 — 10. 5%. Mo : 1 . 0 — 
3. 5%. W: 3. 5—4. 5%. Ta:3. 0 — 5. 
5%. Al :3. 5—4. 5%. Ti :2. 0 — 3. 2 
%. C:0. 06 — 0. 12%. B:0. 005—0. 
025%. Zr:0. 010-0. 050%. S6iC. 
Hf :0. 2-1. 5%4Ml, Mg*sJ:OVgfcW: 
Ca : 1-1 00p pm^WL, »§P#SN i fc «fc^ 

<m*s£vn£uwttmic&tittu imm&& <c> so 



Cr : 13. 1-15. 0%. Co : 8. 5 — 10. 5 
%. Mo : 1. 0-3. 5%. W: 3. 5—4. 5%, 
Ta : 3. 0 — 5. 5%. Al : 3. 5-4. 5%. T 
i:2. 0 — 3. 2%. C:0. 06 — 0. 12%. 
B : 0. 005 — 0. 02 5%. Zr:0. 010 — 
0. 0 5 0%. Mgfc.fctf/ifckfcC a : 1 — 1 0 0 p 
pm^Ml, £<E>tC, Hf : 0. 2-1. 5%5r^W 
b. Pt : 0. 02-0. 5%. Rh: 0. 0 

2-0. 5%. Re : 0. 02-0. 5%©ft<Dl«£ 

*:» 2 m jeub*£*r v . mm* n i *> <t oimpmm 

«®Wt!&f4K^ftfcN iSttlNl£& (d) Cr : 1 
3. 1 — 15. 0%. Co:8. 5—10. 5%. M 
o : 1. 0 — 3. 5%, W: 3. 5-4. 5%. Ta : 
3. 0 — 5. 5%. Al : 3, 5—4. 5%. Ti: 
2. 0-3. 2%. C:0. 06-0. 12%. B: 
0. 0 0 5 — 0. 0 2 5%. Zr:0. 0 10 — 0. 0 
5 0%. MgJoiUVSfcttC a : 1 — 1 0 0 p pm£ 
^TU 3e.tCHf : 0. 2-1. 5%£^TU 36 
iCP t : 0. 02-0. 5%. Rh: 0. 02 — 0. 5 
%. Re : 0. 0 2-0. 5%<CF<3© 192%«2«£( 

[0 0 0 3] #*£-e>©£-e>gii- jtfsfc 
<fccfj«ffl^or-o»W3«KaN i SHM^mir 

jis^-^rai^Hilg^ffiffl 

*-;l/«_h(C@5£L#>o 1 4 8 0—1 5 30 'C<DUS.tiCUa 
LT^l^fcSISTtfiSS : 2 0 0-3 5 Omm/hT 

iciKj; osRcotittSN i mm^mi^wtr 

[0004] 

N i SStiR^&SPIft. WtcttttJIN i SW&^£«%* 

c>te^#rHSfc5M«bP»l, < jiff t S t C6*>6. 
UttifttWWAtt^iBKfiTU. ttttfiN 

[0 0 0 5 ] 



5 

T. Cr: 12. 0~14. 3%. Co:8. 5 — 1 
1. 0%. Mo : 1. 0-3. 5%. W: 3. 5-6. 
2%, Ta : 3. 0 — 5. 5%. Al :3. 5 — 4. 5 
%. Ti : 2. 0-3. 2%, C:0. 0 4-0. 12 
%. B:0. 005 — 0. 05%, Zr:0. 001 — 
5ppm^WU N i fc<fc oqPSTiB 

atattfiwcimseu. frfr&ffij&oN ims&zmmh-c 

1 1 80-1 265"Ct900~1 600«E, 1-5 
&fffl&tt<DH I P£*6U "3 feiSS© 1 2 0 0- 

1 2 6 5 -cr- 2 - 5 mm&ftiDmmtm&wzM o . 3 

6tc9 5 0~l 0 8 0°C-C2~1 0^P B 1«^Lfc©^7 

60-870 -cr 16— 24 mmu&omfhmikm&M 
■ri. se* J: d 4>«jaw&#MAttK^nfctt« B a B N i 

[0006] c©%itt, a»j&»&»u&K:at-?t>"Ctt3tt 

/tfeCD-C^-o-C. (l)Cr: 12. 0—14. 3%. 
Co :8. 5-11. 0%. Mo : 0. 5-4%, W: 
3. 5-6. 2%. Ta: 3. 0-5. 5%. Al: 

3. 5-4. 5%, Ti:2. 0-3. 2%. C:0. 
04-0. 12%. B:0. 0 0 5 — 0. 0 5%. Z 
r : 0. 0 0 1-5 p pm^Ml. JSSB^N i 

[0 00 7 ] C©^HJcDi«S»fitWJ^At4(Cffinfce^ 

hn i «w&££*M»^£#ij&-r&N i m-frs-comfr 

mmt. mm%X\ C r : l 3-14%. Co : 9. 4 
-10. 6%. Mo: 1. 2-2. 0%. W:4. 2 — 
5. 8%. Ta : 4. 0-5. 2%, Al : 3. 8- 

4. 4%. Ti :2. 2-3. 0%, C:0. 05 — 

0. 09%. B:0. 008-0. 03%. Zr:0. 
0 1 - 1 p p m?:Ml/, «W#N i «fc O'^Jjig^ 

[0008] c©^<D«?aw^jSAt4tcffinfcttw 

UN i Mf j^£«*5F«:*§9cD £ - f>SO»| iLt 
SOTl^S,, lE^T. CCD^bjk, (3) Cr : 12. 
0—14. 3%. C o : 8. 5—11. 0%, Mo: 

1. 0-3. 5%. W : 3. 5—6. 2%, Ta:3. 
0-5. 5%, Al : 3. 5-4. 5%, T i : 2. 0 
-3. 2%. C : 0. 04-0. 12%. B:0. 00 
5 — 0. 05%. Zr :0. 0 0 1 — 5 p pm^f 



(3) ^1*3 2 46 37 6 
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[0009] c<mw<Dnm}nnmimit®titctew. 

AN iSW«l^W»»^jf-t>»*«ia«-SN i 
Sltf£(DJ&#fflj&tt. Sfi%-C. C r : 13-14%. 
Co:9. 4—10. 6%.Mo:l. 2 — 2. 0%. 
W:4. 2-5. 8%. Ta:4. 0-5. 2%. A 
1 :3. 8-4. 4%. Ti : 2. 2 — 3. 0%. C: 
0. 0 5-0. 09%. B:0. 0 08-0. 03%. 
Zr:0. 0 1-1 p pm4S«l. mmWN i *JJ;0* 

10 (,»„ 

[0010] C09HI<DXaHttlMMttt(cffti^K 
H,NigW$te£:tt. Mgrfc^O'/^/cttCa : 1-1 
0 0ppm5:tfltfeJ:<. Se>tCPt:0. 02 — 
0. 5%. Rh : 0. 02-0. 5%. Re : 0. 02 
-0. 5%(D[*l<Dim£tc&2mVL±*^mb-Ct>J: 

[001 1 ] fif^T. C©^«, ( 4 ) Cr : 12. 
0-14. 3%. Co : 8. 5 — 11. 0%, Mo: 
0. 5 — 4%. W: 3. 5-6. 2%. Ta : 3. 0 — 
20 5 . 5%. Al :3. 5-4. 5%. Ti :2. 0- 

3. 2%, C:0. 04 — 0. 12%. B:0. 005 
-0. 05%. Zr:0. 001~5pp m4§WL/. 
Sf.KMgfc.k^/caCa: l-100ppm^ 

wu. mmtw i*jct^»ia^«!Bj*>6.%sfflfiS*w 

%m%9. (5) Cr : 12. 0 — 14. 3%, Co: 
8. 5-1 1. 0%. Mo : 0. 5-4%. W: 3. 5 

— 6. 2%. Ta:3. 0-5. 5%. Al :3. 5- 

4. 5%. Ti :2. 0-3. 2%. C:0. 04- 
30 0. 12%. B:0. 005 — 0. 05%. Zr:0. 

0 0 1-5 ppm?rm, 3 t : 0. 0 2- 

0. 5%, Rh : 0. 02-0. 5%. Re:0. 02 
-0. 5%<Dft©l«£;fc«:2«y±*^WU mffitt 

(6) Cr : 12. 0-14. 3%. Co : 8. 5-1 

1. 0%. Mo : 0. 5-4%. W: 3. 5-6. 2 
%. Ta : 3. 0-5. 5%. Al : 3. 5-4. 5 
%. Ti :2. 0-3. 2%. C:0. 04-0. 12 

40 %. B:0. 005-0. 05%. Zr:0. 001- 
5ppm%MU S^tcMgfcJcO'/Sfc&JCa : 1 

— 10 0 ppm^MU 3 6(CP t : 0. 0 2-0. 
5%. Rh : 0. 02-0. 5%. Re:0. 02 — 

o. 5%(DfH<D ias/cta2a«j:*$Wb. m&ttN 
m&mc&ntctwtfkN i mmm£&*3am&. tern* 

[0012] C©^©Mgfc<t[>y*fc«Ca, $h 
KPt. Rh. ReOl^OD l@£fc«2SJiLL£^rT 

50 znunmm-m^Kmxtcxm&ii \ isti^tBt 
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C<D&m*> (7) Cr : 12. 0-14. 3%, C 
o : 8. 5-1 1. 0%, Mo : 1. 0-3. 5%. 
W: 3. 5-6. 2%. Ta : 3. 0 — 5. 5%. A 
1:3. 5-4. 5%. Ti : 2. 0—3. 2%, C: 
0. 04-0. 12%. B:0. 005 — 0. 0 5%, 
Z r : 0. 0 0 1-5 ppmi^U S^KMgfcJ: 
tf/£fcttC a : 1 - 1 0 0 p p m£^Wl,. JSSP^N 

g. (8) Cr : 12. 0-14. 3 %, Co: 8. 5 
— 11. 0%. Mo : 1. 0-3. 5%. W : 3. 5 — 
6. 2%. Ta : 3. 0-5. 5%. Al : 3. 5- 
4. 5%. Ti : 2. 0-3. 2%. C: 0. 04 — 
0. 12%, B:0. 005-0. 05%, Zr:0. 
0 0 l~5ppm4Ml/, 36(CPt:0. 0 2 — 
0. 5%. Rh:0. 02-0. 5%. Re:0. 02 

~o. 5%ort«Di@*fctt2«iy±*^u, 

Nifci &^m^m%»t» *>uz> mfczm? zmsuft n 20 

JBMtttKtftifcttKftN i SWJfc££S8!|3jSrtS * - 1 
>S. (9) Cr : 12. 0-14. 3%, Co :8. 
5—11. 0%. Mo : 1 . 0 — 3. 5%, W : 3. 5 
-6. 2%. Ta : 3. 0-5. 5%, A 1 : 3. 5- 
4. 5%. Ti :2. 0 — 3. 2%, C:0. 0 4 — 
0. 12%. B:0. 005-0. 05%. Zr:0. 
00 1~5ppmf:Ml. 3 F.(CMgfc <£tF/*/c« 
Ca : 1 - 1 0 0 p pm^Mb, 3 6tcp t : 0. 0 
2-0. 5%. Rh : 0. 02 — 0. 5%, Re:0. 30 
0 2-0. 5%©rt©l«£fci*2«fcU:£^rU M 

mum i to£v^m^mnfr%u&®f&%m-thyku 

CO 0 1 3 ] :Wc. C©^(DiSSH&^Attfc®iT, 

[ 0 0 1 4 ] C r 40 
MIC £ IWMtffift W»tfttt*iB3* C r 

u c r a** 1 2 . o %^m-c<&*:oMm3.'j>ti < . 

ffl»J»^*3MI«n?«. ftfCCo. Mo. W. TaSI 

«JDi*ft&fca6. cn6i©^7>X5:iSkii!)l 

4. 3 "/o^a^tMT^. t <!: Wff* O < <fco 50 
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8 

T. CrMlStl2. 0-14. 3%K£«)te. ±j£ 

©<fc sic c<Dmi(omuwt%LW&&.&t l c&titctm& 

N i 3»fc^lWJi«^*-tf >**ft»r*N i * 
W&££(C^3:nSC r^W*« 13-1 4%"C*5C 

[0 0 15] Co 

Cott, Ti. Al. Ta^£H&-®TSttfc{cH?g£i±£ 

mm m&m) s-t!-. mimic^i-cr -« 

<Ni, (T i , A 1 , Ta) ) ^^ffl^iJcWttiS-tfT 

^©&K% flLh ?t^fW$JiC5*>6ColB 
8. 5%«±-C*5Ci«g-C*0, Co^W 
■#1 1. 0%£jffl;L£<!:. Cr. Mo. W. Ta. A 

i . t i #©ffe©^3g£©^7>x#/wn. wsta©w 

5-11. 0%iC5£at>?<:. C©#feH8©i«SWt&WJ^A14 

f^-r-SN iSW«i^^c^S4T.-5Co^Wa»9. 4 
— 10. 6%-e$>2>Ct&— «£F £ L/C*. 
[0 0 1 6 ] Mo 

^©^*rs#. l. 0%*-^r»^+^ 

— 3. 5%£«*-C?3SJniUji£f ■5<tW«fi 
<Dtlfa^J;^Jl14^:PlW^€)CD-CMo : 1. 0-3. 5 

UN i*if«te&^t^a*-if>K*tt«-r*N i 

»W^^CC^$n-2.Mo^S«l • 2-2. 0%T' 
[0017] W 

W»MoiH«{cH»*ffci«fWiWfc©ffffl3W*»), its 
•®&K©W^&caF^TS^#£>S#. -?-©S(J3. 5 

ffizffiM-r h 1 1 4> tc we #it«#* t 1 >tgipi-c * s fc 
*^r#^f*(Di:bfi*i7t# < & "3 . m^txom < * - 1> 

*s»w»*iHS"ra t tree? u ? * ^fcB#t$6£-rs J; 

©$W£«. 3. 5-6. 2%iU. C<D§ZW<DM 

2- fc^MSrfWr-S. N i »iW^^(c#3; n^W^W 
SW4. 2-5. 8%T*5CiA5-IWil/^ 
[0018] Ti 

TiWr' «UWtSaiti«^©*»Sltflt*±tf5fctf> 
©T ' t@©«Ta^g)S7c«-C* «5 . 2. 0%*ii5rc« 

#-CS*-f. 3. 2%«fc0 fe^MtCgsflnUiir^i 
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<ttl>. U->X, TiMfH2. 0-3. 2%(C5g«> 

?ttt«*N i *wr»^as«R^ss # - t 

•5N i*Wjfc^^CC^*n*T i^l»2. 2-3. 
0 C t L 
[0 0 1 9 ] A 1 

A 1 KT i 4Ha©»**«»'rS5c3Rr. T ' *B££ 

^©^{c^-r-s^ffl^wrs^. ^©s«3. 5 

%VL±.-C$>ZCt&&WC$> t ), —Jj. 4. 5%£M& 

x * * ^ £»c$yra v m% i, tm&WBm-r ztc&ic a 

5-4. 5%fcS«>fc. C©2felJ3©?S«S 

*3S«3. 8 — 4. 4%t*SCi*5-I!lfJUI ( >. 
[0 0 2 0] T a 

±jc»¥l. 3. o%w±r^i*3&s*s. — mat, 

r. Ji©ISW©?KaHtt»JBMttttc«iaA:tt«aN i S 
B^^iiiSM 5» - 1* >m* ffiHT S N i SfflM 
iK^n5TaMlB3. 0-5. 5%CC^s!>/c 
4. 0-5. 2%r*4Ci!!i5-i!ifiH,>. 
[0 0 2 1 ] C 

»^-r*©-co. o 4%«_b#g-c&w 0. 
1 2 %*m*-xmm u mzz igtt*ia#-r £©r-e© 

^Wfi^O. 04-0. 12%tL/c 0 CCD^Wa©— 
JUfiF*lA»«BttO. 0 5-0. 09%f*§. 
[0 02 2] B 

u. WS®g£±#3#£©ru£S?fr^0-e&£^ 
©^ *rs# o . 005 %*«-c \mm.<m$kifin 6 n 

&-6fctf>0. 0 5%«TiWc. B©$Wfi©-J»t?£ 
H,>ffiB«0. 0 0 8-0. 0 3%T'&£„ 
[0 02 3] Z r 

Z r UflHHttl|-r« C i(c ck «5 ^S5fel?©iSf Jftf££t§ 0 

ri»sw&wj§:M££±s3tt£©-eo . ooupm 

JBIMWC Z r tf&SCCflft LT^K|g»tM*©i«ttt* 

*±tf*c£jw-c#r. aauw<c*ii!HaK©(ST**iita 



C>„ t/fcjJJ-st, Zr©MiB0. 00 1— 5ppm 
icm&tt, Z r©^»©-JB$T$Ul^f5H«0. 0 1 

— 1 p p m"C#)£„ 
[0 0 24] Mete.ttf/i/cttCa 

MgfcJ:t>*/gfc«Ca«®St eSH^©^*6«3<t©*S 
^j*»3lt<. 3 6(cBftX. 5SH^©^*fi«5«:«fcS®4e 
T4Bft±TSfPffl*«*S3& s . 1 P P m*»"Ctt-HMcf|s 

ffl#i»e.nr. — ioopp m^iitMts <t 

10 *^-?T^SfeW©iB^ i S:§l*TS«n©MHK^^iC 
5^6MgfcJ;^/$fc«Ca«l~l 0 0 ppmiS 

[0 02 5] Pt, Rh, Re 

Pt, Rh, RettWJttelSji^ffitf*^ -€-©^W 

a*5-en^no. o 2%&ffix\wimommmhti 

*\ -5?. •*©£*«#* ft*no. 5%£i8S;t-C#W 

Pt. Rh. Re©rt©l«*fctt2S^±tt*n-€ , n 
20 0 . 0 2 — 0 . 5%icSa6fc„ 
[0 02 6] -€-©ftb 

fiEfc©sttaN i wmm&ttsmmv&Ht&i&Mm 

[0 02 7 ] CO«9i©]*«Wtt5WKAf*«:flMiA:ftK 

mwicz vmmmmug. •. 1 4 8 0 - 1 5 3 0 °c-e^;u 

«*5l*TWiSK: 2 0 0-3 5 0mm/hf?ltTlf 

30 CfttC 1 1 8 0 — 1 2 6 5*C~C9 0 0- 1 6 0 0MK> 
1^5H#IW«#©H I P*«U 1200-1265 -C 

— 1 0 8 0°C~e2— 1 0B^ral^^fbfc©^7 6 0—8 7 
0-C-C 1 6-2 4l^|ffl{^©^^8l*ifi-rc itcj: 

[0 02 8] 

imm<Dmmom?M} mi -a 3 tcs^nssSM^^ 

i IBH^^fflll,, C©N i «W^^4 

40 H£S©fta!tciK&*&:fts&. ^sun^a : 1 6 0 0 
■C. ^JUS%gi&Ttfj»S: 12 0mm/hfl^ttt?, 
tS: 1 5 mm. ^: 1 0 0 mm, M$ : 3 OOmmOt 
ffi*WT S*»Wttttft^»«« 1-16 tecfcO*^* 
tt« B ^A^»«!lK 1 7 - 2 0 efl&Lt fc. 
[002 9] 



C r 
Co 



1 



[»1 ] 

3 4 5 



6 



8 



13.1 
9.0 



14.0 
8.5 



12.5 
10.1 



13.5 
10.5 



13.3 
10.1 



12.2 
9.7 



13.3 
8.8 



14.2 
9.3 
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11 12 

Mo 
W 
Ta 
A 1 
T i 
C 
B 

Z r 
Ca 
Mg 
P t 
Rh 

Re - -- -- -- 

n i wo wo wo wo mo wo 

W% trtf.l; 7r, C afeJ:^Mg»p pm 
[0 0 30] * * [&2] 



2.1 


1.0 


3.5 


1.5 


1.5 


2.4 


2.7 


3.0 


4.0 


3.5 


4.3 


3.7 


4.5 


4.5 


4.1 


3.9 


3.3 


5.4 


4.9 


3.0 


4.6 


3.8 


3.5 


3.8 


4.0 


3.5 


4.3 


3.7 


4.1 


4.5 


4.1 


3.9 


2.7 


2.3 


3.2 


2.5 


2.7 


2.9 


3.0 


2.8 


0.08 


0.10 


0.06 


0.12 


0.06 


0.07 


0.09 


0.11 


0.011 


0.009 


0.007 


0.015 


0.010 


0.013 


0.012 


0.010 


1.3 


2.6 


1-2 


4.3 


0.05 


0.005 


0.1 


0.6 














53 


10 












81 




12 





















9 


10 


n 


12 


13 


14 


15 


16 


C r 


13.8 __ 


12.1 


14.0 


13.0 


13.5 


12.5 


13.3 


14.2 


Co 


9.5 


9.0 


8.5 


10.1 


10.5 


9.7 


8.8 


9.3 


Mo 


1.8 


2.1 


1.1 


3.5 


1.5 


2.4 


2.7 


3.0 


W 


4.2 


4.0 


3.5 


4.3 


3.8 


4.6 


4.1 


3.9 


Ta 


4.5 


3.3 


5.3 


4.9 


3.1 


3.8 


3.5 


3.8 


A 1 


4.2 


4.1 


3.6 


4.3 


3.8 


4.5 


4.1 


3.9 


T i 


2.7 


2.7 


2.2 


3.1 


2.5 


2.9 


3.0 


2.8 


C 


0.08 


0.08 


0.10 


0.07 


0.12 


0.07 


0.09 


0.11 


B 


0.005 


0.011 


0.039 


0.007 


0.015 


0.013 


0.012 


0.010 


Z r 


1 9 


0.3 


0.8 


1.9 


2.3 


3.6 


0.03 


0.7 


Ca 


18 








25 


74 


34 


10 


Mg 


72 








37 


5 


54 


12 


P t 




0.05 


0.1 




0.2 


0.06 


0.2 


0.05 


Rh 




0.05 


0.2 


0.1 


0.1 






0.05 


Re 




0.05 




0.3 




0.07 


0.1 


0.05 


N i 




8M 






3S0 









tctcL. Zr, CateJ:rogttppm 



[0 03 1 ] 
[«3] 
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13 



14 



7Cffc 


18 


19 


20 


21 


Cr 


14.1 


13.8 


13.9 


14.2 


Co 


9.9 


10.2 


10.3 


9.6 


Mo 


1.5 


1.6 


1.6 


1.4 


W 


4.3 


4.4 


4.3 


4.1 


Ta 


4.6 


4.8 


4.8 


4.6 


A 1 


4.1 


4.1 


4.0 


3.9 


T i 


2.8 


2.6 


2.7 


2.7 


C 


0.08 


0.09 


0.08 


0.10 


B 


0. 014 


0. Oil 


0.009 


0.013 


Z r 


0.037 


0. 022 


0.013 


0.023 


Hf 






1.5 


0.7 


Ca 




12 




28 


Mg 


31 


5 


80 


29 


P t 










Rh 










Re 










N i 











10 



ma* cz r fe^tf) , 

fcgl. Ca33«k#Mgteppm 



20 



* *j=t zfumrn.^Mmmm 1 1 ~ 2 0 * a r mmm, 

■f, fig: 1 1 8 0 a C, 1 5 0 0 $?tE.<<C2&fWm$<D3k 
#<DH I P£jSU -o^-cm&fflWP. US. : 1 2 4 
0 *CCC 2 mm&tttif l/c'^A r^7t >-C^*P©^ft 

0 5 0-Cec5B#|ffl{5i}#Bf Ufcf&A r^7r>t??fein 
U ?lt^>tl^iH^*, : 8 7 O'CK: 1 8R$ 
HAGGIS L/fcf^A r#Z?T >-Ctiiti><Dgift<Dm 2$m 

[0 03 3] BuiaH i Ptexvmwmz&Lttmift. 

Vt£h*M§miim 1-16 te^O^SfctttKIIASif^ 1 
7~2 0£t8TOnitcJ:t3^ail/-Cii:&: 10 mm. 
ft;* : 2 Omm©^£<DMfttf-£f£SSiU li^ti/ct^ 
>t*fiS : 9 5 O'CCDSIS^ (Na, SO, :20wt 
%, NaCl : 5wt%, Na 2 C0 3 : 7 5wt%) 

KfbTitirffiOS fn«SEM (m&mn?mm) 

[0 034] 
[*4] 



[0 03 2] #6hfc^lSIJ«tt6*:a#»« 1-16* 



8 S'J 


(tim) 


a 9J 


(/im) 




i 


34 




11 


4 7 




2 


8 8 




12 


15 1 




3 


84 


13 


124 




4 


16 7 




14 


17 5 


5 


4 8 




15 


9 1 




6 


105 




16 


59 




7 


62 




17 


7 0 1 




8 


5 7 




18 


5 6 0 




9 


7 0 


19 


498 




10 


18 8 




20 


5 4 5 



[0035] 



15 

miaxmmm 1 ~ 1 6 « v zr*^< %ts®mm 
<t c e . *mtti.vt&*Mm®& i-i6 «nssw 
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16 



(72)16!^ 



(72)^^ 



(72)^# 



*5«*smika«ri -297 zi-?f 

^»»lS8>rl5^#Wr»f^- 1-1 = 

era 

^j»®ns??j>rfj^#iirrff^-- 1-1 = 



^i$mit^T^#BriiT^-- i - 1 

(56)##^ ¥6 -184685 (J P, A) 

!|tP8 ¥ 7 -145703 (J P. A) 

ifcia ¥6 - 57359 ( J P, A) 

!t$H ¥9 -170402 ( J P, A) 

(58)i@ffibfc^CInt.C1. 7 , 

C22C 19/00 - 19/05 
F01D 5/28 
F02C 7/00 



